Femoral nerve block is established as a simple and effective method of acute pain control in adults and children with femoral fractures.
When bupivacaine is used the block lasts for sufficient time to allow painless manipulation of the fracture and application of traction. However, pain often persists for several days after fracture reduction in children. Pain arises from the femoral periosteum and is exacerbated by movement at the fracture site and reflex muscle spasm in quadriceps femoris causing further fracture movement. I Internal fixation of the femur is not usually performed in children. Smaller children may be managed at home after application of a plaster hip spica to immobilise the fracture. Most children presenting to this hospital are managed with a prolonged period of traction. Minor manipulation of the fracture is often required in the first few days, causing further pain.
A simple technique to provide continuous femoral nerve blockade was therefore devised. This has become the standard method of pain relief for children with femoral fractures at this institution.
Anatomical Considerations
The femoral nerve divides into anterior and posterior bundles at or about the level of the inguinal ligament. The femoral periosteum and quadriceps muscle are supplied by the posterior bundle. Both bundles lie deep to fascia iliaca immediately lateral to the femoral artery which lies superficial to fascia iliaca. 2 Iliopsoas muscle lies deep to the femoral nerve. The vertical distance from skin to femoral nerve is usually increased by haematoma associated with the fracture. It is approximately IS-20 mm in children weighing 20-40 kg and is rarely more than 30 mm. 3 
METHODS
All children presenting to this hospital with a traumatic femoral fracture between August 1990 and May 1991 were managed with continuous femoral nerve blockade using bupivacaine 0.125070.
No attempt was made to influence prescription or administration of supplementary analgesics or benzodiazepines. In addition, plasma bupivacaine levels were measured in three children of varying ages after 10-92 hours of continuous blockade.
Technique
Catheters for continuous femoral nerve blockade were inserted on the ward by anaesthetic consultants and trainee registrars using local anaesthesia and full asepsis. Parental consent was obtained and an effective single shot femoral block was performed if this had not been done in the emergency department. Once the pain from the fracture site was removed a parent was encouraged to remain to reassure the child during the procedure. Using this approach no additional sedation was used or appeared necessary. Application of traction was delayed until after placement of the catheter.
A standard IS-gauge epidural kit was used (Portex Minipack). A modification of the technique for single shot femoral blockade described by Khoo and Brown was used for catheter placement. 2 The tissue plane in which the femoral nerve lies was located by noting a double loss of resistance to saline as the Tuohy needle passed through fascia lata then fascia iliaca, immediately lateral to the femoral artery distal to the inguinal ligament (see Figure 1 ). If the needle was inserted too deeply it entered iliopsoas muscle, giving a characteristic "woody" feeling. Easy passage of the catheter 5-S cm cephalad confirmed correct positioning. Occasional transient paraesthesiae during catheter placement acted as additional confirmation, but no attempt was made to locate the nerve by deliberately eliciting paraesthesiae with either the needle or catheter. A nerve stimulator was not required.
The insertion site was sealed with a transparent adhesive dressing and the catheter was firmly fixed to the lower abdominal wall.
An infusion of bupivacaine 0.125070 was commenced at a rate of 0.3 ml/kg/hour controlled by volumetric infusion pump and continued for an average of 3.5 days (range 2-5 days).
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There were 23 children with an average age of nine years (range 15 months to 14 years).
There was one complete failure due to unsatisfactory catheter placement. No pain relief was obtained and femoral nerve blockade could not be produced using a bolus of bupivacaine 0.5%. The catheter was removed and the patient was treated along conventional lines.
Four children required no further analgesia. A further eight required one to three doses per day of oral paracetamol or paracetamol/codeine. These two groups represent 55% of patients. Four children (18%) required intramuscular opioids. Two required single doses after fracture manipulation and another received four doses for relief of pain due to extensive abdominal wall trauma. Another child required a single dose after the femoral nerve infusion was accidentally disconnected overnight.
The remaining six children (27070) received between one and three doses of oral diazepam during the period of infusion. Most doses (70%) were given overnight. Diazepam was prescribed but no longer administered for muscle spasm after the eighth patient.
Plasma Bupivacaine Levels
These were measured once during the infusion in three children aged 15 months, 5 years and 10 years. Samples were drawn at 64 hours, 10 hours and 92 hours respectively. The levels ranged from 0.67 mg/l to 0.93 mg/1.
Complications
One child developed localised infection at the site of catheter insertion after four days. The catheter was removed and the infection was successfully treated with oral antibiotics. No child developed pressure sores in areas innervated by branches of the lumbar plexus. Leakage of infusion fluid from the insertion site was common and resulted in three infusions being ceased after only two days.
DISCUSSION
Undertreatment of pain in children has been noted by many authors who report that this problem is frequently unrecognised or ignored. 4 ,5 Orthopaedic medical and nursing staff in our institution appreciated that the standard approach to pain management after femoral fracture could be improved and were willing to change techniques.
Continuous femoral nerve blockade was introduced after confirmation that catheters could be accurately placed using this technique in children undergoing general anaesthesia and femoral nerve block for various surgical procedures.
There is little information available on bupivacaine blood levels in children during prolonged infusions. Infusion rates were therefore developed from those known to be safe during epidural analgesia in children 6 and continuous lumbar plexus block in adults. 7 A concentration of 0.125% was chosen to provide analgesia without excessive sensory or motor blockade. A relatively high infusion rate was used so that local anaesthetic could spread under fascia iliaca to the branches of the femoral nerve, even if the catheter was some distance from them. Plasma bupivacaine levels after prolonged infusions in three patients were well below toxic levels. Although other authors have found little advantage in using 0.25% solutions, 8 it is possible that a 0.25% solution infused at half the described rate would result in less troublesome leakage from the insertion site with similar plasma levels.
Administration of additional opioids and benzodiazepines declined after introduction of this technique. This is possibly due in part to increasing skill in accurate catheter placement but may also reflect a change in nursing attitudes. Diazepam was no longer used for muscle spasm or pain after the eighth patient with continuous femoral block. Episodes of pain were mostly treated with oral analgesia alone.
Intramuscular opioids were used only twice after patient number five. One patient experienced pain after fracture manipulation and another developed pain after accidental disconnection of the infusion.
The impression of nursing staff caring for children with continuous femoral nerve infusions was that children were more mobile, making pressure care and toileting easier. In addition, minor fracture adjustment could be carried out without causing pain.
Continuous blockade of peripheral nerves is rarely reported in children, and there is consequently little information on complications, infusion rates and plasma local anaesthetic levels. The author of a major textbook on paediatric regional anaesthesia specifically warns against use of femoral nerve catheters because of the hazards of potential local anaesthetic toxicity; no references are quoted. 9 Clinical signs of local anaesthetic toxicity were not seen in this series, and plasma local anaesthetic levels (albeit in only three children) were low, even after prolonged infusions.
A further thirty children with femoral fracture have been managed without complication using the technique since this study. Four children requiring femoral osteotomy or internal fixation of the patella have also been treated. Intra-operative blockade of the lateral cutaneous nerve of thigh was also performed. These four did not require additional postoperative opioid analgesia. Based on experience with continuous femoral blockade over the past two years, I believe that it is a simple, safe and effective method of pain relief in an otherwise undertreated group of paediatric patients.
This has become the standard method of pain relief at this institution for children with femoral fractures.
